INTRODUCTION
============

Both sex, the biological dimension of being female or male as transmitted by genes and hormones, and gender, the sociocultural dimension of being a woman or a man as determined by education, lifestyle, and socialization, significantly influence the course of disease and a great many other aspects of life ([Figure 1](#F1){ref-type="fig"}).[@B1] The resulting differences between women and men should be considered in all cardiovascular (CV) diagnoses and therapies, but they have frequently been neglected. To address that neglect, the discipline of sex- and gender-related medicine, frequently called *gender medicine*, has been developed to integrate the sex- and gender-related aspects of disease into clinical practice, research, and prevention efforts.

![Complex interdependency of sex and gender in humans (reprinted with permission from *Sex and gender aspects in clinical medicine*, edited by Oertelt Prigione and Regitz-Zagrosek, Springer, 2011).[@B1]](kcj-48-792-g001){#F1}

Gender medicine is a novel discipline that takes into account the effects of sex and gender on the health of women and men. Its major goal is to improve the health and health care of both males and females. It is based on the hypothesis that both sexes benefit from differentiated approaches and better understanding of their specific pathophysiology.

Gender medicine is not synonymous with women\'s health. However, much more is known about male aspects of cardiovascular disease (CVD) than female aspects. Therefore, this review focuses on unsettled CVD issues in women.

OPEN QUESTIONS ABOUT CORONARY ARTERY DISEASE IN WOMEN
=====================================================

Risk factors
------------

Sex differences in cardiovascular risk factor profiles represent the first unsettled issue, as reviewed recently.[@B2] The data reveal an advantage for young women and a higher cardiovascular risk factor profile at older ages, which led to the misconception that women are generally at lower risk for CVD than men, which they are not. Overall, women accumulate as many risk factors as men but at a higher age. In addition, the less obstructive pattern of coronary artery disease (CAD) in women added to the misperception that CAD is not that serious in women, resulting in suboptimal primary and secondary prevention efforts. In fact, prevention goals are often less well achieved in women than in men.[@B3][@B4] In particular, younger women have taken up more bad smoking habits,[@B5] even though it is well known that the risk of having an acute coronary syndrome before the age of 55 as a result of smoking is two times higher in women than in men.[@B6] The reasons for that difference still need to be explored.

Premenopausal women often have less hypertension and lower lipid levels than similarly aged men, but that trend reverses in postmenopausal women.[@B7] Systolic blood pressure rises more steeply in postmenopausal women than in similarly aged men.[@B8] Hypertension causes a higher prevalence of strokes, left ventricular hypertrophy, and diastolic heart failure (HF) in women than in men.[@B9] Even moderate or borderline hypertension (\<140/90 mmHg) causes more endothelial dysfunction and cardiovascular complications in women than in men.[@B10] As for the consequences of smoking, pathophysiological understanding is still lacking.

High lipid levels are an underestimated risk factor in women. Databases show that women with hyperlipidemia are less intensely treated than men.[@B11] Because the risk attributed to increased lipid levels is similar in women and men, doctors and patients both need to be more aware of those risks in women.[@B12]

Diabetes has emerged as a major risk factor that worsens CAD outcomes more in women than in men. In a meta-analysis of 37 prospective cohort studies, the increased risk of fatal ischemic heart disease with diabetes was 50% higher in women than in men.[@B13] More comorbidities, including obesity and inflammation, as well as more unfavorable changes in coagulation and endothelial function, could contribute to the greater cardio-metabolic risk-factor load in diabetic women.[@B14] Diabetes therefore reduces the female advantage of better CVD health at \<60 years and should be considered a stronger risk factor for CVD in women than it is in men.[@B15] Again, mechanistic studies are lacking.

Depression and various forms of sustained mental stress (anxiety, anger, marital conflict, work stress, depression, etc.) have been acknowledged as etiological and prognostic risk factors for CAD.[@B7] They increase the risk of developing CAD similarly in women and men. However, the prevalence of those conditions is significantly higher in women, particularly young women, which leads to poor outcomes.[@B16][@B17]

Increasing evidence suggests that air pollution, inhalation of dust, and traffic noise is associated with the degree of atherosclerosis in both men and women. This correlation needs much more attention in the field of infrastructure and environmental design, as well as consideration of gender-specific exposures.[@B18]

Preeclampsia is an emerging CVD risk factor in women that is frequently unknown to women and their gynecologists. Only recently was it included in the 2014 American Heart Association (AHA) prevention guidelines for stroke.[@B19] Again, mechanistic studies are lacking.

Pathophysiology
---------------

Ischemia, acute coronary syndrome, and myocardial infarction (MI) without epicardial CAD or structural heart disease occur more frequently in women than in men.[@B20] In 20--30% of females with an acute MI, no angiographic obstructive CAD is seen, which is twice as often as in men.[@B21][@B22] A sex difference in plaque morphology, i.e. a female pattern of CAD in acute coronary syndromes, has been identified but needs further clarification.[@B23]

In particular, young women with acute coronary syndrome often present with open coronary arteries, displaying plaque erosions with distal embolization rather than plaque rupture with thrombus formation.[@B24][@B25] The risk factors and mechanisms are still largely unknown. Not infrequently, angina and acute coronary syndrome in women can be caused by coronary microvascular disease, also called microvascular angina.[@B26][@B27]

Women more frequently display components of pathological vasoreactivity, such as spasms and endothelial dysfunction.[@B28][@B29] An underdiagnosed cause of acute coronary syndrome is spontaneous coronary artery dissection; it occurs predominantly in women, mostly between 45 and 60 years of age during pregnancy or in the immediate postpartum period and might be caused by hormonal changes.[@B30] An estimated 8% of acute coronary syndrome in women (but less than 1% in men) is associated with the so-called Takotsubo syndrome (TTS) described below.[@B31][@B32]

Studies at cellular, animal, and clinical levels on the sex-specific pathophysiology of acute MI and its predisposing risk factors are still badly needed.

Clinical symptoms and diagnosis
-------------------------------

In acute coronary syndrome, patient delay before seeking medical help is longer in women than in men,[@B33][@B34] which means that women arrive later in the emergency department than men. Reasons for this delay are manifold and depend on the cultural context as well as on some biological parameters, but they are incompletely understood.

The interpretation of non-invasive diagnostic testing is less reliable in women than in men, especially in women younger than 60 years, for whom the prevalence of obstructive CAD is still relatively low.[@B35] Non-specific ECG changes at rest and a lower exercise capacity contribute to the lower sensitivity and specificity of non-invasive exercise testing in women.[@B36][@B37] Also, most exercise testing scores were developed from populations composed primarily of men; only a few scores have been designed especially for women.[@B38][@B39] The current European Society of Cardiology (ESC) guidelines advise stress imaging techniques (e.g. SPECT, stress echocardiography) when available as first test of choice, with a preference for non-radiation diagnostics in younger women.[@B35][@B40]

It has recently been postulated that a sex-specific threshold for the highly sensitive biomarker Troponin I, which reflects myocardial damage, could improve the diagnostic accuracy of this most important laboratory test for acute coronary syndrome in women.[@B41][@B42]

In the Swedish coronary angiography and angioplasty register, almost 80% of women younger than 60 with stable angina symptoms had no visible coronary obstructions on angiography, compared to only 40% of men.[@B43] Thus, the primary diagnostic strategies, which search for the classical male pattern of obstructive CAD, may be suboptimal in women, increasing the risk of procedural complications and leaving vascular dysfunction and coronary microvessel disease in symptomatic women underdiagnosed.[@B44] In 2014, the AHA published evidence-based gender-related guidelines that promote selective functional and anatomic testing using non-invasive imaging techniques in women at intermediate risk.[@B35] Women at low risk for ischemic heart disease most often require no testing. Women with a low-intermediate or intermediate risk of ischemic heart disease who can exercise adequately should be referred to an exercise-first strategy. CAD imaging is indicated for women with an intermediate or high risk of ischemic heart disease risk and a functional disability or abnormal rest ECG. Diagnostic modalities for assessing coronary microvessel disease include measurement of coronary blood flow reserve by transthoracic echocardiography, PET-CT perfusion, and the calculation of microcirculatory resistance indexes during coronary catheterization (coronary flow reserve).[@B26][@B45] Those guidelines could help reduce the number of unnecessary and inconclusive angiograms in this patient population, but it is not yet clear how they will be put into practice.

Women with recurrent chest pain syndromes and non-obstructive CAD need to be diagnosed and treated because they have a twofold increased risk of developing obstructive CAD events in the next 5--8 years, and they have a four times higher risk of re-hospitalization and recurrent angiograms than women without those symptoms. Studies have reported an expected consumption of nearly \$750,000 in cardiovascular health care resources related to the burden of ongoing symptoms and medications.[@B20][@B46][@B47]

Management
----------

Treatment of stable CAD and acute coronary syndrome should be performed according to the current guidelines for both genders.[@B40] It is now well accepted that women derive the same benefits from percutaneous coronary intervention as men. Previously, a worse prognosis in women was attributed to the smaller luminal diameters of the coronary arteries, risk factor profiles, more comorbidities, and referral bias. The Belgian Working Group on Interventional Cardiology analyzed a registry of 130,985 percutaneous coronary intervention procedures in Belgium from January 2006 to February 2011. Being female remained an independent predictor of mortality after multivariable adjustment.[@B48] In most studies with second-generation, drug-eluting stents, sex and gender differences in long-term outcome after percutaneous coronary intervention are not supported, but more data are needed. So far, being female remains an independent predictor for peri-procedural MI and major bleeding after percutaneous coronary interventions, which are associated with increased short-term morbidity and mortality.[@B49][@B50] Due to the relatively higher contribution of functional coronary abnormalities and a more diffuse pattern of atherosclerosis in female patients with CAD than in male patients, residual symptoms of angina are often present after acute coronary syndrome or coronary interventions in females.[@B51][@B52]

Using the transradial access for coronary interventions reduces the incidence of peri-procedural bleeding complications and improves clinical outcomes.[@B53] The use of fractional flow reserve-guided percutaneous coronary interventions has improved outcomes in both men and women.[@B54] Fractional flow reserve values are found to be higher in women after correction for visually assessed coronary anatomic severity. Whether gender-related guidelines in interpreting fractional flow reserve measurements are warranted is currently under discussion.[@B55][@B56]

Women have a higher mortality after elective coronary artery bypass surgery.[@B57] Major risk factors for women\'s mortality are low physical function, respiratory dysfunction, renal failure, and old age.[@B58] A recent study identified a significantly higher prevalence of diastolic dysfunction among females presenting for elective cardiac surgery and reported that women had prolonged hospital stays.[@B59] Women have poorer health-related quality of life than men after coronary surgery.[@B60] Depression is a significant predictor of worse outcomes in both women and men.[@B61]

Therapeutic options for coronary microvascular dysfunction are less well investigated than those for epicardial CAD; the efficacy of anti-anginal medications for symptom reduction is relatively poor, and optimal treatment options are lacking.[@B40][@B62] The presence of detectable peripheral coronary flow abnormalities in patients with microvascular dysfunction is associated with impaired prognosis in both men and women.[@B63][@B64] Therefore this syndrome urgently needs more research.

Outcomes
--------

Debate is ongoing about whether outcomes are identical in women and men. In general, less aggressive management of CAD leads to worse outcomes. Other factors, such as older age, more co-morbidities, and differences in the pathophysiology of underlying CAD, contribute to the current understanding of sex differences in the outcomes of CAD patients.

Thanks to the increased awareness of the prevalence of CVD in women, CAD in particular, hard outcomes (mortality, events) have improved in female patients during the past couple of decades. However, female patients \<65 years old with acute coronary syndrome still face higher mortality than men, and an important difference in the gender-gap in outcomes remains between Eastern and Western European countries. Higher in-hospital mortality in women with acute coronary syndrome has been attributed to a longer patient delay before admission, older age, a higher clustering of CV risk factors, lower use of invasive and pharmacological treatments, and more bleeding complications after interventions.[@B65] In younger women (\<60 years) with STEMI, adjusted in-hospital mortality rates are nearly twice as high as in similarly aged men.[@B66][@B67] More data are needed on gender differences in residual symptoms and softer endpoints related to quality of life. Evolving knowledge has led to the first initiatives to implement gender-related strategies in guidelines such as the NSTEMI guidelines.

In conclusion, important sex and gender differences exist in the early onset and progression of CAD, especially atherosclerosis and myocardial ischemia. Sex-related approaches are needed for women and men to identify their risk factors for CAD. In women, pregnancy-related issues need more attention, as well as rheumatic and autoimmune diseases. Socioeconomic conditions play an underestimated role in both sexes. Considering the pathophysiological basis for CAD, it is becoming clear that most research has focused on the male condition of atherosclerosis in the large coronary arteries. In contrast, women-characteristic conditions, e.g., dissections, spasms, and microvascular disease, have received less research attention. A different pattern of CAD translates into different symptoms of ischemic heart disease. Unfortunately, age- and sex-related diagnostic algorithms have not yet been sufficiently well developed. Under-treatment of female cardiac patients still occurs and can contribute to low quality of life and health problems in older women.

SEX DIFFERENCES IN CARDIOMYOPATHIES
===================================

Takotsubo syndrome
------------------

TTS is an acute and typically reversible HF syndrome that is being increasingly recognized since the first case was published in 1990, and it is particularly relevant for women, as reviewed recently.[@B2] TTS causes up to 8% of acute coronary syndrome in women.[@B31][@B32] It is often triggered by emotional or physical stress and occurs predominantly (in Europe in up to 90% of cases) in postmenopausal women. The reported in-hospital mortality is 1--5%, with a subsequent recurrence rate of 5--22%.[@B68][@B69]

Many unsettled issues exist in TTS. In addition to the well-established list of research questions, such as the role of catecholamines, the effect of the location in the ventricle and medical therapy, and the reason for the female preponderance in presentation, the role of sex hormones in TTS is unclear. Also, no good explanation has been offered for the presentation post menopause.

Dilated cardiomyopathy and hypertrophic cardiomyopathy
------------------------------------------------------

As recently discussed, genetic cardiomyopathies (CMP) caused by autosomal gene variations are expected to occur with the same prevalence in women and men.[@B70] However, dilated cardiomyopathy (DCM) and hypertrophic cardiomyopathy (HCM) have a greater prevalence in men than in women and also more serious clinical manifestations.[@B71][@B72][@B73][@B74] Thus, compensation for the genetic defect in those syndromes appears to be more efficient in women than in men. Presumably, the protective mechanisms active in women would also act positively in men. Based on the protective mechanisms in other forms of HF, I assume that sex differences in mitochondrial function and fibrosis play a role.

HCM, caused by sarcomeric protein mutations, has a much higher prevalence in men than in women for as yet unknown reasons. Sudden arrhythmic cardiac arrest (SCA) is a frequent threat in HCM, and sudden death in young male athletes, but not female athletes, is frequently attributed to undiagnosed HCM. Apparently, unknown protective mechanisms are active in women.

HEART FAILURE IN WOMEN
======================

Epidemiology and pathophysiology
--------------------------------

HF is a worldwide epidemic, affecting more than 20 million adults worldwide. It is consistently associated with older age. As recently discussed, given the longer life expectancy of women, the population of older women with HF is expected to grow.[@B2][@B75]

HF can broadly be classified as HFpEF, HF with reduced ejection fraction (HFrEF), or HF with medium ejection fraction (HFmEF). As recently reviewed, compared to patients with HFrEF, patients with HFpEF are more likely to be women; in fact, women represent almost two-thirds of the HFpEF population. In reality, HFpEF is distinctly different from HFrEF, with a different set of risk factors. Hypertension is the highest risk for HF among women. The next best association is with diabetes.

In the Framingham Heart Study, women accounted for 40% of patients with HFrEF and 65% of patients with HFpEF. Women are less likely than men to experience MI, which could contribute to the lower prevalence of women in the HFrEF population.

HFrEF from non-ischemic etiologies deserves special attention because of risk factors specific to women, including cancer treatment for breast cancer. Breast cancer is the most common cancer among women, and the treatment is associated with cardiomyopathy with or without HF symptoms. At higher doses (≥700 mg/m^2^) of doxorubicin, HF incidence can be as high as 18%.

Diagnosis
---------

For a comprehensive diagnosis of HF, sex- and gender-specific comorbidities and living conditions should be assessed, e.g., history of inflammatory or psychiatric disease, malignancies, depression and other potentially related psychological comorbidities, stress, socioeconomic and working conditions, and gynecological and andrological history, including number of children, still births, sexual activity, and hormone therapy.[@B2][@B76] Detailed studies are needed to explore why women exhibit a worse quality of life and depression more frequently than men after an HF diagnosis.

When assessing ventricular size in HFrEF by echocardiography, ventricular diameters should be normalized to body size. Unfortunately, HF diagnoses in previous studies, e.g., in the Euro Heart Survey, used objective diagnostic tests in women less frequently than in men.[@B2] Physicians should be informed about this potential bias so they can reduce it.

Treatment
---------

HF treatment is better established for HFrEF than for HFpEF.[@B2] The mainstays of HFrEF treatment include beta blockers and ACEIs. Randomized-controlled trials have compared beta blockers to placebo among patients with HFrEF, and a meta-analysis of those trials suggested a similar mortality benefit for men and women with HFrEF. The proportion of women included in first ACEI trials was low. Several of the original trial results did not include subgroup analyses, and only a subsequent meta-analysis suggested a similar mortality benefit for ACEI in men and women.

The original digoxin trial demonstrated a lack of mortality benefit in HFrEF, and subsequent analyses suggested that it increased mortality among women. In a post-hoc analysis, death from any cause was significantly higher in women, and digoxin was associated with a higher rate of death in women but not in men. Although those findings might have been due to higher drug levels in women, the results are still alarming and highlight the need for sex-specific attention to medical treatments.

With comparable treatment, women with HF have better clinical outcomes than men.[@B2] This remains true even when HFrEF and HFpEF are analyzed separately. In most cases of HF due to inherited CMP, women appear to do better, independent of therapy. Thus it has been suggested that women have more efficient compensatory mechanisms that might be able to overcome an insult at the molecular or cellular level.

Invasive therapy, i.e., cardiac resynchronization therapy (CRT), appears to have greater efficacy in women than men with HFrEF. In a large registry, women had a greater mortality benefit than men. Recently, Biotronik launched the Biowomen trial, which might be the first HF trial that explicitly aims to enroll equal numbers of men and women, to examine sex-specific responses to CRT treatment.[@B77]

Worldwide, fewer women than men undergo heart transplantation. In a large dataset of consecutive patients with idiopathic non-ischemic DCM referred to the German Heart Institute for heart transplantation, only 15.6% were women, suggesting a referral bias against women.[@B2][@B78]

Women referred for heart transplantation frequently present in a more advanced HF state and have lower exercise tolerance, respiratory efficiency, and kidney function than male referrals. Women also have significantly less diabetes than men. Thus, women were referred at a more advanced disease state, and relevant contra-indications such as diabetes appear to have been taken more seriously in women. An international multicenter prospective study on referrals for heart transplantation, organ allocation, and survival is clearly needed.

ARRHYTHMIA AND SUDDEN CARDIAC ARREST IN WOMEN AND MEN
=====================================================

Sex differences in channelopathies
----------------------------------

Women have a greater prevalence of developing QT prolongation and torsades de pointes arrhythmia than men (for a review, see [@B70]). This is true with both QT prolonging drugs and genetic defects.[@B2] Genetic defects leading to long QT syndrome (LQTS) are located on autosomes. LQTS-induced tachycardia occurs with equal frequency in boys and girls. However, after puberty, arrhythmias are more frequent in women than men.[@B79] Shortening of the QT interval by testosterone and lengthening of it by estrogen have been reported to contribute to that difference.

Sudden cardiac arrest in women
------------------------------

SCA is more than twice as frequent in men than in women and has different disease associations in the two sexes. In men, 80% is caused by coronary heart disease, whereas in women, less than half has that cause. In women who survive an SCA, CMP in structurally sound, apparently healthy hearts and genetic causes such as LQTS are more often found.

Sudden cardiac death in sports is overwhelmingly a men\'s disease: 95% of SCA victims in sports are men.[@B80] Targeted examinations have shown that women are protected against sudden cardiac death when they are subjected to high stress levels. Sex-specific switches in adrenergic signaling under stress conditions could represent an endogenous protective mechanism in women. Furthermore, women might generate protective metabolites in the arachidonic acid pathways under the influence of estrogen, whereas men, under the influence of testosterone, generate more pro-arrhythmic and pro-hypertrophic metabolites. However, the overall mechanisms underlying protection in women are still unknown.[@B81]

Treatment of patients at risk for SCA and SCA survivors depends on sex. Women and men are not equally treated with defibrillators. Women receive less treatment for the same indications in both primary care and secondary prevention, and the reasons for that difference are not yet clear.[@B82][@B83][@B84]

SEX DIFFERENCES IN BASIC RESEARCH
=================================

The pathophysiology of women- and men-specific cardiovascular syndromes is still poorly understood (for a review, see [@B85]). However, estrogen and estrogen receptors play a significant role in cardiac fibrosis, energy metabolism, pressure overload, myocardial ischemia, and myocardial hypertrophy.[@B86][@B87][@B88][@B89][@B90][@B91][@B92][@B93][@B94][@B95][@B96][@B97][@B98][@B99][@B100] Most interestingly, estrogen regulates microRNA expression and thereby has a role in the control of many genes.[@B101] Estrogen and estrogen receptors (and testosterone in men) do their best to drive the cardiovascular system into specific directions in both sexes, making women and men sensitive to specific risks and stress factors. Activation of the coagulation system, the immune system, and myocardial and vascular function and growth all occur in a sex-specific manner. Stem-cell-derived cardiomyocytes are now increasingly used in CV research, but sex differences in those cells have not yet been studied. All these areas receive insufficient research attention and funding.

Furthermore, there is poor research coverage of pregnancy and its interaction with stress and the CV system.[@B102][@B103][@B104]

Sex differences in drug therapy
-------------------------------

Drugs are less well adapted for women than for men, and female-specific drugs might never be found because more than 80% of animal research in cardiology is done in male rodents.[@B105] Sex differences in survival have been shown for experimental drugs, and several cardiovascular drugs have more adverse effects in women than in men[@B2]: more arrhythmia with QT prolongation, more bleeding complications, more adverse effects of digoxin, and more adverse effects of lipid lowering drugs have been reported. Furthermore, women receive less-effective drugs than men after an MI. They also receive less counseling, particularly for lifestyle, rehabilitation, and sexual life.

More and more-severe adverse effects of drugs in women than men led to drugs being withdrawn from the US market between 1997 and 2000 (US general accounting office 2011 Drug Safety). Indeed, new drugs often fail in phase 3 studies. Deficits in correspondence between animal models and human study settings, i.e., participant selection, could play a role.

As recently reported, most preclinical research used in drug development is done using male animals and cells with unidentified sex.[@B85] However, significant differences exist in the outcomes for male and female mice in models of MI, pressure overload and genetic CVD, diabetes mellitus, multiple sclerosis, and other diseases, and those are rarely considered by researchers.[@B106] As an extreme consequence, a drug might be effective in a male animal model and completely ineffective in females on some outcome parameters, or vice versa. For example, melusin overexpression reduced early mortality after MI in male mice but failed to do so in female animals,[@B107] whereas it improved remodeling after MI in both sexes.

The different life phases of women and men are also insufficiently considered in drug development. The decline in the endogenous production of hormones, particularly estrogen at menopause, often leads to functional disorders. More generally, it is necessary to study the interaction between sex and age in both women and men.[@B106] Finally, it is important to recall that pharmacodynamic aspects should be considered especially intensely in sex-specific drug design.[@B108]

PREGNANCY RELATED CARDIOVASCULAR SYNDROMES
==========================================

Peripartum cardiomyopathy
-------------------------

Peripartum cardiomyopathy (PPCM) is a disease of unknown etiology leading to HF during the last months of pregnancy or within five months after delivery.[@B109][@B110][@B111] The incidence is highest outside of Europe (Haiti, South Africa) and is lower in the US and European countries (range from 1--300:1--4,000). Predisposing factors are multiparity and multiple childbirths, family history, ethnicity, smoking, diabetes, hypertension, preeclampsia, malnutrition, advanced or very young age, and prolonged use of β-agonists.

The pathophysiology is largely unknown, but increased oxidative stress and activation of the protease cathepsin-D, which cleaves prolactin into pro-hypertrophic and anti-angiogenic fragments, might be involved.[@B112][@B113] Alternative disease mechanisms, inflammation, virus infection, auto-immune mechanisms, or genetic mechanisms might also contribute. In some cases, unmasking familial dilated cardiomyopathy has been identified as the underlying cause, and circulating microparticles have been used as indicators of the disease.

Only one randomized-controlled trial for the treatment of PPCM has been published to date. In that study, the 21 women randomized to bromocriptine had greater recovery of left ventricular ejection fraction at six months and a lower rate of the composite end point (defined as death, New York Heart Association functional class III/IV, or left ventricular ejection fraction \<35% at 6 months). A larger trial of bromocriptine treatment has been completed, and the results are forthcoming. Further studies on the pathophysiology of PPCM and related therapy are needed.

Pregnancy-related spontaneous coronary artery dissection
--------------------------------------------------------

SCAD, as I discussed in a recent review, is a potentially life-threatening event that mainly occurs in young women and is particularly frequent in pregnancy and the peripartum period.[@B75] Pregnancy-related SCAD (P-SCAD) predominantly occurs during the 3rd trimester of pregnancy and the postpartum period. P-SCAD can occur not only in the acute- (first 6--12 hours) and subacute phase (2--6 weeks) of the postpartum period but also up to 6 months after delivery.

Different possible causes of P-SCAD have been hypothesized, including estrogen and progesterone involvement. The increased progesterone levels, decreased collagen synthesis, and high media mucopolysaccharide content seen during pregnancy weaken the tunica media of the coronary wall, substantially increasing shear stress and the risk of media rupture.

The prevalence of P-SCAD still appears to be underestimated, accounting for 5--30% of all SCAD cases. Moreover, SCAD is diagnosed in approximately 25% of pregnant women who experience an acute MI.

Many SCAD cases may have been misdiagnosed due to technical imperfections in diagnostic coronary angiography. The etiology of SCAD remains unclear. Its occurrence in young and postpartum women suggests that hormonal changes and physiologic factors related to pregnancy could play a key role beyond other CV risk factors.[@B112]

Pregnancy complications and later cardiovascular disease: vascular function
---------------------------------------------------------------------------

A woman\'s reproductive history serves as a predictor for her later risk of CVD, which needs more clinical attention.[@B2] Women with a history of preeclampsia have a higher CVD risk than women with normal pregnancies. Women with preeclampsia who deliver preterm and mothers with recurrent preeclampsia carry even greater risks for later CVD and kidney failure. Being the mother of a growth-restricted baby or a preterm infant also increases the risk of CVD later in life. Preeclampsia and CVD share risk factors such as diabetes, obesity, and hypertension and pathogenetic mechanisms such as oxidative stress, endothelial dysfunction, and insulin resistance. The relevance of these mechanisms has recently been described by my group.[@B102][@B104] In women who develop preeclampsia, the threshold for clinical CVD is breached during pregnancy and again later in life, as increasing age is added to already present and newly acquired CVD risk factors. In this way, adverse pregnancy outcomes can predict which women will be at increased risk of CVD in later life.

Impaired flow mediated dilatation is present in women with a history of preeclampsia as they age.[@B114] Future challenges involve the elucidation of specific pathways through which pregnancy complications cause CVD using a battery of *ex vivo* and *in vivo* techniques that permit an assessment of cardiovascular structure and function, together with measurements of risk factors for CVD, including renal function.

INCLUSION OF SEX AND GENDER ASPECTS
===================================

Biological differences between female and male animals, including human beings, are called sex differences.[@B115] These are based on differences in sexual hormones, sex chromosomes, and sex-specific gene expression from autosomes. They lead to obvious differences in body composition, metabolism, physiology, and the pathophysiology of many diseases. However, gender differences are equally important. Gender is the result of a sociocultural process and is associated with behavior, including stress and lifestyle-associated factors and diseases. Gender determines access to health care, help-seeking behavior, and individual use of the health care system. Gender thus reflects sociocultural processes influenced by society, education, environment, lifestyle, nutrition, and many other factors. It results in different attitudes, motivations, beliefs, and behaviors toward health and disease --- encompassing both the attitudes of an individual facing disease and the health care system and the attitudes of the health care system toward that individual.

For example, strong gender differences exist in the awareness of CVD risk, leading to poor acceptance of CVD preventive measures in young men, older and poorly educated men, and women. Furthermore, referral for and acceptance of invasive therapeutic strategies such as pacemaker implantation or heart transplantation are largely determined by gender. In the medical field, sex and gender are closely related. On one hand, sex influences gender roles, i.e., testosterone plays a role in the aggressive behavior sometimes associated with risk seeking and the neglect of prevention. On the other hand, gender roles can influence sex, e.g., professional exposure to stress, poor nutrition, and environmental toxins or endocrine disrupters can lead to genetic or epigenetic modifications that affect gene expression differently in women and men and thereby modulate the biological phenotype.

Whereas biological sex (being female or male) is increasingly included in the analysis of biomedical trials, gender is rarely taken into account due to the lack of a quantifiable construct for gender. Recently, efforts have been made to develop a construct to quantify gender in CVD studies, and a recent study has indeed demonstrated that some risk factors for CVD are more closely associated with gender than with biological sex.[@B116][@B117]

In conclusion, sex- and gender-dependent disease mechanisms are incompletely studied, hindering targeted therapy and personalized approaches. This gap will be narrowed by the *GendAge* project (*BMBF, 2018--2021*), which builds on the unique cohort of 1,600 women and men studied in BASE-II, a population-based cohort study with comprehensive CV, metabolic, socioeconomic, and quality of life assessments conducted in 2010--2014. Thus, *GendAge* will be able to analyze sex and gender effects both cross-sectionally and longitudinally.

ADVANCING GENDER MEDICINE
=========================

Lessons learned from the GenCAD project
---------------------------------------

The European Commission funded the Gender Differences in Coronary Artery Disease in Europe (GenCAD) project ([www.gencad.eu](http://www.gencad.eu)) to improve understanding about and awareness of sex and gender differences in chronic diseases, using CAD as an example. GenCAD considered the existing knowledge on sex and gender differences in CAD and the inclusion of sex- and gender-related aspects in the databases and policies of EU member states.

In a state-of-the-art study, GenCAD first assembled existing knowledge on sex and gender differences in CAD using published literature from all over the world. The literature search covered prevention and health promotion, epidemiology, disease mechanisms, clinical symptoms and diagnosis, management, and outcomes of CAD. Almost 1,000 articles were reviewed in detail. Significant sex and gender differences that need consideration were found in all the fields just listed.

Even though many publications are available, the overall quality of gender-related analyses is often limited by retrospective, non-randomized, non-blinded study designs with few participants. Studies often include women in insufficient numbers to draw conclusions about them, sex- and gender-related research questions are rarely included in the protocols in a prospective manner, and sex- and gender-related confounders are generally not considered. Better studies must be planned, which will require training for the research community, which largely went untrained in sex- and gender-related research at universities. Researchers must thus be trained to identify both the right topics and the right methods.

Several sex- and gender-related indicators are included in public sociodemographic databases and major research databases, but those are not nearly enough to coherently analyze the effects of sex- and gender-related factors and covariates on CAD and its prevention. Sex- and gender-related covariates, such as the number of children, miscarriages, hormone therapy, andro- or menopause, and true gender variables, are incompletely covered by public and research databases, and therefore, sex- or gender-related analyses often fail.

Thus, more sex- and gender-disaggregated data are needed, along with more comprehensive inclusion of sex- and gender-related variables and increased age cut-offs to obtain a clear picture of CAD and its risk factors, prevention, and outcomes in women and men across Europe.

Researchers are only partially aware of the relevance of sex and gender and do not have the resources to include it in all studies. Therefore, awareness and funding to include sex and gender in studies and databases must be improved.

Gaps in knowledge
-----------------

A lot of knowledge exists, but it is dispersed, difficult to find, and frequently not at the level required for inclusion in guidelines. Furthermore, in some areas, studies are lacking in one sex.

Gaps in knowledge still exist in risk factors and disease mechanisms that mainly affect women --- mechanisms of greater CAD risk in diabetic women, cardiovascular risk associated with pregnancy, stress-induced cardiomyopathy, and microvascular and functional coronary disease. Furthermore, large state-of-the-art prospective studies on optimal diagnostic or therapeutic strategies for women and men (separately or in parallel) powered to reach valid diagnostic conclusions for one or both sexes based on their specific pathophysiology and studies on women-specific approaches simply haven\'t been done.

The lack of research on the relevance of gender on cardiovascular outcomes means that diagnostic and therapeutic recommendations specific to women and men are unavailable, leading to poor health quality and high costs.

Organization of gender medicine
-------------------------------

The organization of gender medicine (GM) is crucial to its success. In a faculty of medicine, GM should be organized both horizontally and vertically ([Figure 2](#F2){ref-type="fig"}). Institutes of GM represent the vertical part of the organization: they should have scientific independence and be organized as independent institutes. They are needed to drive scientific progress in GM, i.e., the development of scientific aims, hypotheses, and methods. These institutes will also develop teaching programs to multiply their ideas and train fellows in the field.[@B118][@B119] Once established, GM research ideas can than be exported to other disciplines in which gender research can function as a cross-sectional element. This is the horizontal aspect of integrating GM into a faculty. Without the mechanistic core elements developed in GM institutes, sex and gender research will be limited to head counting --- comparing numbers of women and men without adequate consideration of sex- and gender-specific confounders or understanding of mechanisms, which will not bring the discipline and aims of GM to fruition.

![Gender is needed as a cross-sectional element in all disciplines. However, major scientific achievements can only be expected if the discipline also develops its own scientific aims, hypotheses, and methods that can then be exported to other disciplines. This needs an own institute.](kcj-48-792-g002){#F2}

CONCLUSION
==========

In spite of significant research on CVD, many issues about CVD in women remain unsettled, including female-specific mechanisms in CAD, spasms, dissections, endothelial dysfunction, HF, arrhythmia, SCA, and pregnancy-related syndromes. There is insufficient knowledge about drug therapy in women. Finally, including the sociocultural dimension of gender is only at its beginning. To improve the treatment of women and men, it is necessary to include sex and gender aspects in medical teaching and research organizations and health care. Success can only be achieved if the discipline develops its own scientific aims, hypotheses, and methods that can then be exported to other disciplines.
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